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Background
Endotracheal intubation is frequently performed as a lifesaving procedure in critically ill patients. However, endotracheal intubation may lead to increased morbidity and mortality if not conducted with care and vigilant selection of the right induction sedatives, anesthetics, analgesics, and paralytics [1, 2] . Patients requiring endotracheal intubation are often elderly, debilitated, and have multiple co-morbidities, which predispose them to an increased risk of post-intubation hypotension [3] [4] [5] . A number of agents with varying hemodynamic profiles are available for procedural sedation during intubation. Etomidate was, until recently, a popular choice for induction during intubation. However, in recent years, studies have shown that the administration of etomidate is associated with increased mortality, especially in septic patients [6, 7] . This association has been observed not only in the intensive care unit (ICU), but also in the operating room as reported by at least 1 study [8] . Additionally, in trauma patients, etomidate was related to increased morbidity and lower serum cortisol concentrations post-intubation [9] . Patients in the ICU are frequently admitted with sepsis or suspicion of sepsis, which could make etomidate an unsuitable choice for most critically ill patients.
Even though the literature on the combination of ketamine and propofol goes back 3 decades [10] , more recent data have been published evaluating its potential benefits [11, 12] . Perhaps the renewed interest in "ketofol" is due to the recent reports of adverse events associated with etomidate. This combination offers cardiovascular stability, presumably due to a neutral hemodynamic profile [13] . Most of the literature on "ketofol" has involved patients presenting to the emergency department or operating room for elective surgery [13] [14] [15] [16] . However, there are no reports evaluating the use of "ketofol" in the general ICU population where its potential benefits may not yet be fully known. Therefore, we report on the efficacy and safety of the combination of ketamine and propofol when used for induction during endotracheal intubation in 6 critically ill patients.
Case Series
In this case series, we report on 6 critically ill patients who received a combination of ketamine and propofol as induction agents for endotracheal intubation in the ICU. Ketamine and propofol were given as an admixture, in the same syringe. All patients had previously provided research authorization for use of their medical records and were cared for directly by 1 or more of the authors. Through our Institution's Institution Review Board (IRB) Wizard tool we obtained an exemption, because this is a case series, and patients were cared for using standard medical practice. All data were obtained from the hospital's electronic database [17] . Data on demographics, Acute Physiologic and Chronic Health Evaluation (APACHE) III scores within 24 hours from ICU admission, comorbidities, and primary ICU diagnoses were collected. Data collected during endotracheal intubation included total dose for both ketamine and propofol, total crystalloid and colloid volume 24 hours pre-and post-intubation, documented intubation complications, and Confusion Assessment Method for the ICU (CAM-ICU) scores 24 hours pre-and post-drug administration. Hemodynamic data consisted of noninvasively measured systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), and heart rate (HR) during the initial 15 minutes after drug administration. All co-interventions (e.g., narcotics, paralytics, vasoactive agents, benzodiazepines) were recorded during the same time interval. APACHE (Acute Physiology and Chronic Health Evaluation) III in the first 24 hours of admission; MAP -mean arterial pressure; 15' -15 minute vital signs after intubation. CAM ICU -confusion assessment method for the intensive care unit; "+" implies CAM-ICU positive and "-" implies CAM-ICU negative.
Patient characteristics and hemodynamic data are presented in Table 1 , while details of intubation, including medication doses, are presented in Table 2 .
Patient #1
A 77-year-old male with end-stage primary sclerosing cholangitis status post orthotopic liver transplant and Roux-en-Y choledochojejunostomy was transferred to our ICU for Pseudomonas bacteremia and septic shock. He received meropenem, gentamicin, fluconazole, and vancomycin, along with multiple crystalloid boluses and norepinephrine infusion. After a period of initial improvement, he developed hypoxemic respiratory failure, tachycardia, and hypotension, necessitating non-invasive positive pressure ventilation (NIPPV) and increasing vasopressor support. A transesophageal echocardiogram was planned and the patient was electively intubated for the procedure. Norepinephrine dose remained at 0.14 mcg/kg/min prior to, during, and 15 minutes after intubation with no change in MAP.
Patient #2
A 25-year-old male with Noonan syndrome, complex congenital heart disease treated with multiple surgical procedures, and mechanical mitral valve replacement (on chronic warfarin therapy) was admitted with pneumonia and severe sepsis. His blood pressure had stabilized after 5 liters of crystalloid were given prior to ICU admission. NIPPV was initiated for respiratory distress. He was soon noted to be bacteremic with Streptococcus agalactiae with a concern for prosthetic valve endocarditis. The patient was electively intubated prior to transesophageal echocardiogram (TEE).
Patient #3
A 63-year-old male with alcoholic cirrhosis was admitted with hematemesis and melena. He was started on octreotide and pantoprazole infusions. The patient was electively intubated prior to esophagogastroduodenoscopy (EGD). The patient received phenylephrine 200 mcg after an initial failed intubation attempt; however, the MAP was >65 mmHg when the dose was delivered.
Patient #4
A 70-year-old male with atrial fibrillation, hypertension, and chronic alcoholism was admitted to an outside hospital with hyponatremia (116 mmol/L) and atrial fibrillation with rapid ventricular rate. On the second day, he was suspected to have pneumonia and was started on levofloxacin. He developed hypoxemic respiratory failure requiring NIPPV and was subsequently transferred to our ICU. The patient required endotracheal intubation due to evolving respiratory failure. Two attempts were required to place the endotracheal tube owing to laryngeal edema and additional doses of ketamine and propofol were given prior to the second attempt.
Patient #5
A 70-year-old male with primary biliary cirrhosis was admitted with massive hematemesis. Due to tachycardia during EGD, the procedure was terminated. The patient was transferred to the ICU and the EGD was performed following elective intubation.
Patient #6
A 61-year-old female with morbid obesity, diabetes mellitus, liver cirrhosis, hepatic encephalopathy, and Mobitz type 2 heart block status after pacemaker placement was transferred to the ICU for aspiration pneumonitis and acute hypoxemic respiratory failure. After failing to respond to NIPPV, she was intubated for acute respiratory distress syndrome and placed on invasive mechanical ventilation. DL -direct laryngoscopy; VL -video laryngoscopy; SCh -succinylcholine; Roc -rocuronium. * Two doses of 0.5 mg/kg were required due to two intubation attempts.
Discussion
We describe a series of cases where we used a combination of induction agents for endotracheal intubation in critically ill patients. It was intended to generate the hypothesis that the combination of ketamine and propofol was safe and effective for pre-intubation sedation in critically ill patients. Since no prior study has used this combination in ICU patients, our case series fills a void in the existing knowledge on this subject. Our case series demonstrates that, in a wide spectrum of co-morbidities and primary disease processes encountered in ICU patients, the combination of ketamine and propofol was successful in providing adequate sedation for intubation with minimal adverse hemodynamic effects.
Choosing an appropriate and safe induction agent for endotracheal intubation is challenging due to the varying degree of adverse effects of the available medications. In 1 study, hemodynamic collapse occurred in 26% of cases and there was at least 1 severe complication in 27% of patients [1] . Due to its favorable hemodynamic profile, etomidate is an attractive option for providers. However, recent studies have shown that etomidate is associated with increased mortality and adrenal insufficiency in septic patients [6] . In addition, etomidate has been linked to worse 30-day outcomes when used for induction of anesthesia when compared to propofol [8] .
Ketamine and propofol combinations are being increasingly used for sedation and analgesia, especially in the emergency department [18, 19] . Ketamine has been associated with emergence hallucinations and emesis [20] , and with prolonged recovery time when compared to propofol [21] [22] [23] . It is associated with increases in systemic vascular resistance (SVR) and HR due to sympathetic stimulation from inhibition of norepinephrine reuptake [13] . Propofol use is limited by respiratory depression and dose-dependent hypotension, presumably caused by decreased SVR and, infrequently, increase in HR from primarily arteriolar vasodilation [24, 25] . The combination of ketamine and propofol is a beneficial option due to the counteracting cardiovascular effects of the individual drugs while maintaining adequate sedation.
Typically, hemodynamically unstable patients are given ketamine alone, which may increase the risk of emergence delirium, especially if used as a single agent (typical dose 1-2 mg/kg). Our case series provides proof-of-concept that a ketamine-propofol combination using 0.5 mg/kg of each agent reduces the ketamine-induced delirium as well as propofol-induced hypotension and may be a suitable alternative in these patients. This is evidenced by our findings, which showed that CAM-ICU scores did not worsen after receiving the ketaminepropofol combination. We propose that, by combining 0.5 mg/kg doses of ketamine and propofol, we can successfully limit their adverse effects while providing adequate sedation. Additionally, this combination has no known risk of causing adrenal suppression.
The use of "ketofol" has been studied in the emergency department for procedural sedation [26] . Recent studies demonstrate that the combination is satisfactory for sedation and analgesia, and is associated with less hemodynamic instability and adverse effects [16, 26, 27] . The combination of ketamine and propofol has also been studied during induction of general anesthesia in the operating room, where it was found to be associated with better hemodynamics when compared to propofol alone [13] or to the combination of propofol and fentanyl [10] . However, at the time of our literature review, no studies on the safety profile of the "ketofol" combination in the ICU setting had been published. The ICU population is significantly different from the operating room population, primarily due to the incidence of sepsis and suspected sepsis and associated reduced systemic vascular resistance, as well as increased circulation of inflammatory mediators. The diagnosis of sepsis has been described as a risk factor for intubation requirement [28] , as the single culprit of hypotension in burn patients [29] , and as a predictor of mortality if documented during the immediate period prior to intubation [5] . Given the association of sepsis and poor prognosis after orotracheal intubation, combined with the physiological knowledge that sepsis causes decreased SVR, we hypothesize that the combination of ketamine and propofol should be expanded from the ED and operating room to the ICU.
This case series reports on the presentation, events, and hemodynamic outcomes of 6 critically ill patients that received endotracheal intubation using the combination of ketamine and propofol as the induction agent. The patients had different primary diagnoses and circumstances under which intubation took place, but all patients received "ketofol." All patients except patients #3 and #4 were intubated in the first attempt. Of the 6 patients, 4 maintained MAP above 65 mmHg up to 15 minutes post-intubation without the need for vasoactive agents. Patient #4 received phenylephrine 200 mcg for SBP <90 mmHg, although the MAP was >65 mmHg. Patient #1 was on norepinephrine infusion for the management of septic shock before, during, and after intubation, and received the ketamine-propofol combination without requiring dose escalation of norepinephrine. Fluid resuscitation was no different in the 24 hours before and after intubation. On the other hand, only 2 patients received more volume in the 24 hours after intubation compared to the same period before intubation. Upon detailed chart review, we discovered that this volume was not administered for resuscitation due to acute hemodynamic instability in the post-intubation period. Patient #2 was taken to the operating room after intubation, and most of the volume was given during the operation. Patient #6 developed septic shock several hours after intubation and received crystalloid and colloid resuscitation, and the heart rate was not affected by the use of "ketofol." There was no documentation of recovery agitation in our patients' records. These results are in agreement with the theoretical benefit of preserved hemodynamics and decreased dysphoric emergence phenomena when a combination of ketamine and propofol is used.
Our series is limited by the small number of patients reviewed and the lack of comparison with an alternative induction agent.
Although it is standard practice in our ICU to have continuous cardiorespiratory monitoring, pulse oximetry, and blood pressure checks every 2-3 minutes in the peri-intubation period, these vital signs were pulled into the electronic medical record at varying frequencies. Some patients had vital signs pulled at 5-minute intervals, while others had pulls up to 15 minutes apart. We may have potentially missed short-lived hemodynamic changes due to the retrospective nature of the case series. However, any hemodynamically significant drops in blood pressure would have promptly been corrected with intermittent doses of phenylephrine, which we recorded. Additionally, "ketofol" is not used by all providers performing endotracheal intubations in the ICU at our institution, which may introduce selection bias in the patients in this series.
Our case series raises several questions: 1) Would the stable hemodynamics observed in our case series with the use of "ketofol" become apparent in a larger ICU population? 2) How would the ketamine-propofol combination compare with alternatives such as etomidate or ketamine alone? 3) Do these hemodynamic changes, or lack thereof, have any impact on patient outcomes?
Conclusions
We present the first case series to describe the use of ketamine and propofol in critically ill patients as an induction agent for endotracheal intubation. The combination was associated with adequate sedation along with hemodynamic stability for up to 15 minutes following intubation. Our report generates important proof-of-concept data to plan further research, including randomized controlled trials comparing "ketofol" with other induction agents in critically ill patients.
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